ABSTRACT Sorghum (Sorghum bicolor) chloroplasts, lamellar fragments, and Triton X-100 solubilized preparations catalyze a blue and red lightsensitized oxidation of ferulic acid to its f-j3-linked dimer and its hydrolysis product, the acid dimer. Exogenous superoxide dismutase had no effect, and catalase and 1 to 10 mM KCN inhibited this photooxidative dimerization only in detergent-treated chloroplasts. It is postulated that the final oxidant is H202, formed by light-induced photosystem I electron transport, foflowed by an unidentified peroxidatic activity. The reaction differs, however, from that catalyzed by horseradish peroxidase in the presence of H202.
MATERIALS AND METHODS
Plant Extracts. A P1 pellet, sedimented between 500 to 37,000g, was prepared from green leaves of Sorghum bicolor as described previously (17) . It was either assayed directly after resuspension in 5 ml of the original Tricine buffer, or was treated for 1 hr at 4 C with 0.5% Triton X-100 in 100 mm Tricine buffer. After recentrifugation at 37,000g for 15 min, the pellet (PI) was resuspended in 5 ml of buffer containing 0.5% Triton X-100 (w/v); the supernatant (PS) was used without further treatment.
Assay for Ferulic Dimerase Activity. The incubation mixture contained in a 1-ml volume, 100 mm Tricine buffer (pH 8), 0.1% BSA (w/v) to prevent nonenzymic reactions, 4 (17) . Prior to chromatography, the spots containing dilactone were sprayed with concentrated NH40H to hydrolyze the dilactone to the blue fluorescing acid dimer (RF of about 0.3). Since most of the dilactone formed in the incubation mixture is converted to the acid dimer at pH 8, the incubation mixtures were generally not sprayed since the excess salt caused streaking during chromatography. The blue fluorescing spot in the acid dimer area was eluted in 2.5 ml of 100 mm bicarbonate buffer (pH 9.6). After 1 hr, the solution was decanted and measured fluorometrically (17) . Activity was expressed as ,umol dilactone hydrolyzed to the acid dimer/hr g fresh weight or /mg Chl. Total Chl was determined by the method of Arnon (1 
RESULTS AND DISCUSSION
Preparations (P,) containing particulates sedimented between 500 and 37,000g after grinding tissues in 100 mm Tricine (pH 8) were used, since they contained most of the activity of a chloroplast fraction sedimented between 500 and 10,000g after extraction in the same buffer containing 0.6 M sorbitol. Both the Chl and the FD activity of these P, particulates were solubilized by either the cationic detergent, CTAB, or Triton X-100, but neither digitonin or NaCl was effective (Table I) . Triton X-100 was used in subsequent studies. Although most of the activity of a P1 preparation washed once with Tricine was recovered in PI plus PS, about 50% of the activity of an unwashed P1 fraction was lost merely by resuspension in Tricine buffer.
This loss was apparently due to leaching and dilution of bound constituents, rather than to instability of the P1 preparation at 4 C. FD However, the addition of SOD, generally considered the best probe for 02-involvement because of its effectiveness as a scavenger (11) , did not inhibit FD activity. The SOD was still an effective scavenger in the presence of ferulic acid, when assayed by the epinephrine method at pH 10.2 (11) . Although ferulic acid might be a better scavenger than SOD for membrane-bound 02-due to greater accessibility (6), inhibition by catalase combined with the lack of inhibition by exogenous SOD indicate that H202 rather than 02-is the final oxidant of ferulic acid in the chloroplast system.
Catalase inhibition was demonstrated only after detergent treatment. Whereas PS preparations were inhibited up to 73%, P1 fractions were inhibited only after 0.5% Triton X-100 was added to the assay mixture, suggesting that catalase gained access only after the detergent broke up the membrane structure. The inhibition was not due to small mol/wt compounds such as thymol since dialysis did not alter the inhibition (10) . Catalase inhibition must be due to its catalatic activity (decomposition of H202 to H20 and '/2 02) rather than its peroxidatic function (8) , since the latter activity would be expected to produce the dimer.
Using the epinephrine method at pH 10.2 (11), evidence of an SOD activity in PS was obtained (an aliquot of PS containing 26
Mug of Chl gave a 50% inhibition of epinephrine oxidation). Such an endogenous SOD could be involved in the production of the H202 from 2--Although previous work showed that FD activity in P1 was not inhibited by 1 mm KCN, inhibitions up to 50% can be shown if Triton X-100 is added to the incubation mixture containing P1 or if the detergent-treated fraction PS is used. The site of this cyanide sensitivity after detergent treatment could be plastocyanin ( (16) , the peroxidatic activity in PS preparations was inhibited 50% by 10 aM KCN. This highly cyanide-sensitive peroxidase activity would not be expected to be involved in the FD activity of chloroplasts for several reasons. Besides the discrepancy in the amount of KCN necessary to cause a 50% inhibition (10 mm versus 10 UM), the restriction to only one linkage product and the lack of a chain reaction consuming all of the added ferulic acid distinguish the chloroplast reaction from the horseradish peroxidase-H202 system studied previously (17) . Attempts to limit the latter peroxidatic system to one product by addition of H202 in small increments have failed. The source of the peroxidatic activity in the FD system of chloroplasts has not been identified, but two possibilities should be considered. One is that a classical peroxidase could still be involved if the peroxidation step is limited by a cyanide-insensitive transient, such as compound III, as postulated to explain the cyanide insensitivity of the oxidation of NADPH catalyzed by either myeloperoxidase or horseradish peroxidase (18) . Another possibility is that membrane-bound SOD that produces the H202 catalyzes this subsequent step, since peroxidatic activity has been reported for copper forms of SOD that are cyanide-sensitive only at 1 mm levels or higher (7) .
A key unanswered question is whether this dimerase activity is important in vivo. Possible functions of such dimers as links in cell wall structure were previously discussed (17) . The demonstrations in chloroplasts of phenylpropane (C6-C3) and flavonoid (C,5) phenolic compounds and some of their biosynthetic enzymes increase the possibility that this dimerase activity might be of physiological significance (9, (13) (14) (15) . respectively.
